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Pbars’ Journey  Pbars’ Journey  
The Antiproton SourceAntiproton Source is made up of 

three parts. The first is the 
Target StationTarget Station: Fermilab creates 
antiprotons by striking a inconel 
target with protons. Second is 
the DebuncherDebuncher RingRing: This 
triangular shaped ring captures 
and cools the antiprotons coming 
off of the target. The third is the  
AccumulatorAccumulator: This is the storage 
ring for the antiprotons.  

The Transfer lines are made the AP3, 
AP1, P2 and P1 lines.  Currently 
not all of these beam lines have 
the capability of ramping their 
devices.  

The Main Injector and Recycler are 
the last elements in the transfer 
chain.  The Main Injector 
decelerates the beam down to 
Recycler energy, which is ~40 
MeV lower the Accumulator.  
The beam is then stored in the 
Recycler until it need for a 
Collider shot.
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Goals of Rapid Transfer Task ForceGoals of Rapid Transfer Task Force

Charge of the Task force
Minimize interruption to Stacking 

• Time (2 % interruption to stacking)
– Every 2.5 Hours of stacking the shot setup/transfer 

should take ~ 3min.

Maximize Efficiency
• Accumulator to Recycler overall transfer efficiency of 

greater than 95%.
– This includes not only the machine to machine transfer 

efficiency, but also the beam lifetime during the 
transfers.

We hope to meet these goals within the next 3-4  months.
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Pbar Transfer Time Management Pbar Transfer Time Management 

Process as of 1 year ago



Recycler Pbar Transfer -Gattuso 6

Pbar Transfer Time ManagementPbar Transfer Time Management

Process today
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Changes made to the processChanges made to the process

Pbar
Time aspect

• Sequencer changes
– Modified setup portion of process to include everything 

that can be setup before stacking stops.
– Purged sequencer of all non essential commands

» Literally thousands of device manipulations
– Return to stacking trimmed down to absolute minimum 

number of commands to get us stacking; remainder is 
completed after beam has been established.

– Usage of ACL (Accelerator Command Language) script.
– Increased the amount of automation in the Sequencer 

which reduces the amount interaction with operators; 
this reduces the shot setup time and increases the 
overall consistency of transfers.

– Transfer portion of sequencer now highly automated.  
Loop control now done by device state instead of  
human interface.
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Changes made to the processChanges made to the process

Main Injector
Shot setup process

• The entire shot setup is now completed before stacking 
stops, so it does not impact the stacking to stacking time.

Recycler 
Shot setup process

• RF manipulation at injection were restructured to reduce 
the time between transfers.

• Improve hand shaking between RR and Accumulator via 
state devices.
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Upgrades to HardwareUpgrades to Hardware

Pbar
Transfer lines have a new BPM system that allows us see 
pbars.

• AP3, AP1, P2 and the P1 line
Ramp Cards have been installed for correction and major 
bend elements.

• P2 and P1 lines, AP1 implementation in underway

Main Injector
New Ring BPM system that also allows the Main Injector 
to see 2.5 MHz structure Beam.

• This has allowed us for the first time to record BPM 
positions for Pbars in the Machine.
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Transfer EfficienciesTransfer Efficiencies
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Current Measurements/Areas of InterestCurrent Measurements/Areas of Interest

Main Injector to Recycler Transfers
Lattice matching 

• Main Injector to the R22 Line
• R22 line to the Recycler
• Recycler Optics corrections

Admittance Maximization

Accumulator to Main Injector Transfer
Lattice matching

• Depression measurement in the AP3, AP1, P2 and P1
• Finalize lattice function
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Antiproton transfers to the RecyclerAntiproton transfers to the Recycler
MI IPM MI IPM σσ (mm) vs. turn(mm) vs. turn
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MI HFW 3rd transfers, MI HFW 3rd transfers, 
9/29/2006 vs. 10/2/20069/29/2006 vs. 10/2/2006
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DaDa StuntStunt

Nov 10th 2006
One Rapid transfer of ~4 E10 
was completed to the 
Recycler in 91 sec (stacking 
to Stacking).
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Improvements in the worksImprovements in the works

Items current being worked upon
Stacking between individual Recycler Transfers. 

• This improves effective stacking rate
Increase the amount voltage of ARF4 to reduce the 
bunch length.

• Minimize effect of EKIK rise time, thus improving the  
efficiency.

Increase the effective aperture through out the chain of 
beamlines/machines.

• Allows us greater flexibility in the in the extraction 
process, both in speed of transfers and efficiency. 

Turn by Turn Damper in the Main Injection
• Allows us to eliminate routine reverse proton tune-ups.   

With the Damper system active the emit growth during 
transfers  will be minimized. 
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